Recently, gene co-expression relationships have been found to be often conditional and dynamic. Besides, many studies have suggested that single nucleotide polymorphisms (SNPs) have impacts on gene expression variations in human populations. The SNPxGE 2 database contains the computationally predicted human 3-way SNP-expression associations, that is, the differential co-expression between 2 genes is associated with a genotype/SNP. This data was generated from a large scale association study that was 
Introduction
It is widely accepted that eukaryotic gene expression variation may be potentially modulated by many genetic and epigenetics factors such as cis regulatory elements, enhancers, transposons, nucleosome positioning, DNA methylation, and by environmental factors (1) (2) (3) (4) . Moreover, much of the expression variations are heritable (5) .
Recently, many studies have suggested that SNPs also have impacts on gene expression variations in human populations (6) (7) (8) (9) . Stranger at al. (6) found that many regions within 1Mb of 374 expressed genes of interest had significant association of SNPs with expression variation. Stranger et al. (7) , performing association analyses of expression levels of 14,925 transcripts with SNPs and copy number variants (CNVs) using multiple linear regression, suggested that SNPs captured 83.6% of the total detected genetic variation in gene expression. Stranger et al. (8) carried out an association analysis of over 2.2 million common SNPs with gene expression using multiple liner regression and identified at least 1,348 genes with association signals in cis and at least 180 in trans. Besides individual gene expression profiles, the relationships among them such as coexpression are also often studied for deciphering gene regulatory mechanisms. The identification of human gene co-expression relationships using microarray data has often relied on reliable correlations between gene expression profiles across many experiments or conditions (11, 12) . But recently, some studies have suggested that the co-expression relationships between genes are often dynamic and conditional, e.g. dependent on cellular states (13) , developmental stages (14), disease status (health or cancer) (15) , or human populations (16) . However, few studies have linked such differential co-expression to genetic bases. SNP effects on gene expression variation in humans has been well documented, and hence, it is reasonable to conjecture that the differential co-expression between two genes may be associated with the genotypes of an SNP, which is termed as a 3-way SNP-expression association in this study. Kayano et al. (17) proved a biological switching mechanism in expression between correlation and inverse-correlation of two genes, controlled by a genomic SNP. However, the switching mechanism in two genes' co-expression controlled by a SNP could be only part of the whole picture of 3-way SNPexpression associations because it is also possible that two gene are well co-expressed together to make the analysis more reliable (correlations with small sample sizes are unstable). were not counted because small sample sizes increase the instability of correlations.
Modeling 3-way SNP-expression associations

The computational strategy for detecting 3-way SNP-expression associations
To detect 3-way SNP-expression associations, any two expression profiles that have the same GO term were considered for the subsequent down stream analysis. This restriction The p-value and FDR for a gap/substitution score were computed in a similar manner
Utility
Availability of the database
The results, including 4,731 on/off associations and 36,170 gap/substitution associations at a p-value cutoff of 0.001, were deposited in the SNPxGE 2 database. Note that occasionally a reported 3-way association in SNPxGE 2 may have a p-value>0.001
because it is also suspected to have such association based on the fact that its score is not high, but is much higher than its own expected maximum (the best SNP association for the 2 expression profiles based on permuted genotype data). on the home page, a brief information page is returned (Figure 2) , on which the icon for a particular association can be clicked on for detailed information. On the detailed information page (Figure 3 ), three pieces of information are provided:
1) Parameters for the 3-way association, including the 3-way association model (on/off or gap/substitution), score, expected maximum score based on permuted genotype data, pvalue, FDR and associated GO terms. 3) A plot showing the 3-way SNP-expression association.
A stand-alone tool for analyzing any two transcripts
In order to make the genome-wide 3-way association studies feasible based on our current computational capabilities, the 2 transcripts of a 3-way association were restricted to the same GO terms, in this study. However, we are aware that the 2 transcripts that are associated with a genomic SNP may be also in different GO terms. Thus, we provide a stand-alone program on the "download" page, for the search of associated SNPs for any 2 transcripts of interest. The usage of the program is described in its incorporated manual.
The user may use the "download" web page to plot a 3-way association of interest.
Conclusion and future plans
The SNPxGE 2 database provides information on computationally predicted human 3-way SNP-expression associations. 
Availability and requirements
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